Abstract: Pulsed Eddy Current (PEC) is an emerging nondestructive testing and evaluation (NDT & E) technique and has been used for a wide range of conductive materials. Existing Pulsed Eddy Current probes use surface type probes on pipes. For this type of probes, it is assumed that the diameter of the pipe is significantly larger than that of the excitation coil and the pipe wall is assumed as a plate. In this work, a new encircling pulsed eddy current probe is proposed. The system aims to increase the scanned area by taking advantage of an encircling coil to scan the complete circumference of a pipe with a single pulse. The proposed system consists of an encircling driver coil, Giant magnetoresistance (GMR) magnetic field sensors, a conditioning circuit, a data acquisition card connected to a computer with Matlab software for signal processing and presentation.
INTRODUCTION
Pipes are extensively used for transportation and distribution in power generation, oil and gas, chemical, and other related industries. Most of the pipes made of ferromagnetic carbon steel, thermally insulated. Over long period of service, corrosion may occur on the outer side of a pipe as corrosion under insulation (CUI) [1] .Eddy current (EC) nondestructive evaluation (NDE) techniques are widely used in the industry for the testing and evaluation of electrically conductive parts. Eddy Current technique and other electromagnetic techniques are particularly popular since they are noncontact, easy to use and sensitive to the defects that may be present in the inspected parts [2] . The basic principle of electromagnetic techniques lie on the induction of Eddy Currents (EC) within the part by means of an appropriate electromagnetic inducer fed with time varying excitation currents (AC), and on the measurement of the magnetic field at the surface of the part, which result from the local interactions between the EC and the part features. The technique aims at estimating electromagnetic or geometric features of the inspected part, starting from the measured data [3] . However, Eddy Current NDE techniques suffer from inherent drawbacks. One major limitation of EC techniques is due to the diffusion of the magnetic field within the part, which limits the investigation depth when high excitation frequencies are used (skin effect), and, on the other hand, the spatial resolution of the EC data is rather coarse, especially when low frequencies are used [3] . Since Eddy Current techniques use an AC current to excite the coil with one frequency, penetration of eddy currents are limited to one depth of penetration which relates to the depth at which the field amplitude has decreased to 1/e in compare to its value at the surface and can be driven from equation below.
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Where: δ is the standard depth of penetration, f is the excitation frequency, μ is magnetic permeability of the specimen and σ is the conductivity of the specimen. Pulsed Eddy Current techniques use a square wave for excitation of the driver coil which carries a broadband spectrum of frequencies and allows more depth information to be extracted from the signals [4] . Recent researches include design and testing of new probe configurations, and signal processing. A great extent of work has been carried out on surface type probes. [1] , [5] . These types of coil are used for inspection of plates and also pipes. When used in inspection of pips, pipe's wall is assumed as a plate in compare to a probe diameter [1] .This assumption is correct in many cases as long as coil diameter is relatively smaller than the pipe diameter. Pulsed eddy current surface type coils can be used for detection of flaws in pipes but the method can be slow when inspection of the whole circumference of the pipe is needed. Encircling pulsed eddy current probes can be used to scan the complete circumference of the pipe in one pulse. Proposed system in this paper, consist of a large encircling coil with the view to increase the magnetic field produced by the coil. This method can be beneficial when a relatively thick nonconductive insulation covers the pipe. Proposed system is further investigated in this paper.
II.
MODELLING of PEC
Proposed pulsed eddy current system was modelled using finite element method analysis (COMSOL Multiphysics).The model was set up using AC/DC module and magnetic field interface of COMSOL Multiphysics and was solved using a time dependant study. The magnetic fields interface has the equations and external currents for modelling magnetic fields and solving for the magnetic vector potential [6] . The model was solved for 2 different scenarios. First, coil around the pipe with 50mm air gap to simulate a non-conductive insulation and the second scenario was coil around the pipe with the air gap and a defect. The defect modelled for this paper had the same dimension as defect 'A 'in Table 1 . Fig 1and Fig 2 illustrate the model and magnetic field diff without and with the defect when cur maximum. Fig 3 shows the differential resul where P1 relates to the difference of the m sensor placed directly above and centre of other sensors are placed with 90 degrees fr shown in experimental probe in figure. This the magnetic field is disturbed at all senso largest disturbance at sensor placed over the The driver coil was built to driv up to 28 Amperes with rep bandwidth of 4 kHz. The 4 G NVE are placed inside the coi 3D printing .The output of t amplified using a conditionin National Instrument 9025 comp sampling rate of 250 kilo Sa program was developed to co signal processing and display testing set up can be seen in Fig   Fig 4 Overall sy aveform generator, a driver coil, gue to Digital card (A/D card) e installed on it. The waveform lar signal to the driver circuit General overview of the system ve the coil with current ramping etitive frequency of 4Hz and GMR magnetic field sensors of il former which was built using the GMRs are conditions and ng circuit [7] and then fed to pact data acquisition card with a amples per second. A Matlab ollect the data and perform the y the results. PEC experiment g 5 and the probe in Fig 6. ystem description imental setup ed in experiments B. Sample Description Pipe used in the experiments for this paper is a commonly used oil and gas pipe of carbon steel. Defect investigated in this paper are manufactured surface corrosion type defects. The 50 mm air gap between the coil and the pipe was as an alternative to the non-conductive insulation. Pipe wall thickness is 14 mm and inside diameter is 140 mm. Schematics of the pipe and position of the defects are shown in Fig 7. Defect sizes can be found in Table 1 . Fig 7 Schematics of defects on pipe ∆ When testing ferrous materials, the maximum value of the measured magnetic field can vary significantly due to the magnetisation effect. Owing to the ferromagnetic properties of the steel sample, the magnitude of the PEC signal is scaled proportionally to the magnetic permeability of the steel. It is possible to normalise the total signal B and reference signal BREF to the respective maxima of BREF and then to get the differential normalised signal by ∆ /max /max
Where B/max ( BREF) is the normalized total signal and B REF /max ( BREF ) is normalised reference signal.
Normalised differential results from defects in Table 1 can be seen in Fig 9. Captured signals are from sensor one while it was positioned directly above and centre of the defects with 50 mm air gap. These experimental results cannot be directly compared as defects examined in this paper have different dimensions. Amplitude of the differential signals has been used to characterize the depth of a defect [9] .Width of the defect had also been reported to change the time response of the differential signal which can also be observed in these investigations [4] .
Results from four sensors of defect A can be found in Fig 10. The greatest amplitude was received at channel one which was directly above the defect. This also confirmed the modelling results in the modelling section. It was observed from the results that channel 2 had larger amplitude in compare to channel 3 and 4 which was future investigated. It was confirmed that channel 2 was placed about 5 mm further from the coil former (closer to the pipe) .It had consequently caused the senor to be more sensitive to anomalies. The other feature detected in the experiments and also in modelling is the zero crossing time. It was observed that ΔB of the sensor positioned above the defect crossed zero later than other sensors. This feature can be used to correctly find the position of the defect in the pipe. V.
CONCLUSION
This paper reported an encircling Pulsed Eddy Current system for corrosion detection with an array of sensors. Finite Element Analysis was carried out using COMSOL Multiphysics. An Experimental platform was built to obtain experimental results. Results from various experiments were presented. The Pulsed Eddy Current system reported in this paper can be used to successfully inspect the whole circumference of the pipe.
Future work will include further investigation using PEC on various defects of different description. Direct comparison of modelling and experimental results for several different defects will be carried out.
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